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(71) Wc, E. L DU PONT DE 
NEMOURS AND COMPANY, a Corpora- 
moa organi'sed and existing under the laws 
of tiie State of Dekwaie, United States of 

5 America, of Wilmingrcm, State of Delaware, 
United States (rf America, do herday declare 
the invention, fbcr which we pray thnr a patent 
may be granted to us, and the method by 
which it is to be pcrfonned, to be pardculaily 

10 dcsccibed in and by the following state- 
yuenr; — 

Thi; inYKiticc rdates ttj pHrticiilsr 
transparent soft contact lenses for coneciing 
vision deficicacies of the human eye. 

15 Contact lenses are of two general types, 
sdcral and comcaL Lenses of the sdcral type 
cover a sabsandal area of the eye, during 
use^ thereby scaling off oirculatioQ of tears 
and the a:tmos{diere. This causes partial 

20 asphyxiation which affects the metabolism and 
vision of die eye. The more recendy developed 
corneal Icnscsi, because of their relatively 
smaller size aid lighter vreight) may cause 
Iks irritation to the cornea, and have achieved 

25 greater acceptance. However, the **break in" 
period necessary to accustom the cornea of 
the wearer to ^port a corneal lens;» while 
varying from pason to persoD> depending 
Tq»OQ the individual's sensitivity of the cornea, 

30 iKually extends over a ctmsLderable period of 
time. Some persons have found contact lenses 
to be intolerable because of the eye irritation 
resulting during and after any extended period 
of oontimioQs wear. 

35 Omtact leases of both the oomcal and 
sderal npes have been ctHtunonly constructed 
poly(methyl methacr^tse) (PMMA) which 
has a Knoop harrtnpss df about 20^^. When 
a PMMA corneal coatacc lens is introduced 

40 for the first time into the eye of a patient, the 
sensation is that of a foreign body being 



introduced. A fraction of those who try 
PAIMA lenses become adapted after a break- 
in period so that they can successfuly wear 
the lehscs with Utde or no discomfort. A 45 
larger fracticQ of the individuals v^ attempt 
to wear PMMA lenses never beaane wearers 
because they cannot adapt to the lenses for 
reastHis of discomfort irritation, excessive 
tearing, and the lilce. However, even those 50 
individuals who adapt successfully to PMMA 
lenses, and do nor hvr^ disomiforr suffer an 

there is a need for more comfortable contact 
lenses, particulariy lenses affoidmg instant 55 
comfort to beginning wearers. 

Attempts have been made to design con*' 
tact lenxs fOT comfort and for proper fluid 
circulation. U.S. Patent 3,542,461 disdoscs 
the advantage of oonstruoting polymers having 60 
a refractive index of tears, Ic, about 1.336, 
and a Knopp hardness greater than 2. 

In recent years there has been increastng 
attention given to so-called soft lenses, partico- 
laiiy those constructed from hydrogds and 65 
from silicones, e.g., U;S. Patent Nos. 
3,228,741 and 3,220,960. These lenses are 
characterized by outstanding comfort which 
is immediately appsrent to tiie wearer. This 
is a very impcHtmt feature, paiticulaily vivsh 70 
new wearers who would thereby be encxuraged 
in their efforts to wear cootacc lenses. How- 
ever, the hydrpgel and silicone lenses have 
some serious druwbadcs vHiicfa make it iin~ 
lifcdy djat they wiU ever achieve general 75 
acceptsnce. These drawbacks inchide poor or 
variable "^sual acuity resisting from diffi- 
culties in the tnamifacture of the lenses and, 
in the case of the hydrogd lens;, variable 
water abscnption, tendency to absorb foreigEt 80 
substances, including tobacco smi^ bacteria, 
fluorescein, wetting sohitioo^ mascara and 
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necessity for daily sterilization. In additirai, 
the hydrogd and silicone lenses axe weak and 
subject to damage by tearing and breakmg. 
The present invendoa oamiaises a wettable 

5 sderai or corneal contact lens constructed 
from at least one fluorine-containing polymer, 
said lens having an optical zone, a refractive 
index of 1.30 to 1.40, a Knoop hardness of 
less than 2 at loadings i:^ to 25 grams and 

10 a Shore Durometer "A" hardness of less than 
100. The optical zone of the novd lens is the 
molded or optically ground porticm of the lens 
designed to He over the surface of the eye 
m a position to correct the vision defect 

15 The softness of the lenses, as evidenced by 
the km Knoop and Shore Duromdsr valuesi, 
ensures exoeilent comfort to the wearer. In 
fact, comf wt is equal to or greater than that 
observed with hydrogel and siHcone lenses. At 

20 the same time the lenses are tough and strong 
enough to maintain ocHistant visual acuity and 
to resist damage by tearing, breakage, abrasion 
or irreversible elastic deformation. Further- 
more^ the inert nature of the fluorine^ntain- 

25 ing polymers) ensures that the lenses will not 
absorb bacteria, lenff-wetting and sterilizing 
scdutions, fluorescQtn, tobacco sqi(^ mascara 
and other deletetious materials^ 
The lens described herein is also chgrac- 

30 terized by a refractive index of 1.30 to 1.40. 
It is preferred that the refractive index be 
dose to that of tears, which is 1.336. 
. . , Because of ,.th? lew retri^Uvt iadex of iiic 
polymers and lenses of this invention^ the 

33 lenses may be modffifd to obtain benefits not 
possible with lenses of higher refractive in- 
dioes. For ezam^e, the posoetior lens surfece 
osn be sf^erical or asf^ierical over part or 
all of the surface; or it may have one or more 

40 peripheral carves to improve fit and oomfbrt; 
or it may be textured, patterned or dm- 
neled to improve the flow of oxygen and tears 
to the ey^ all without adversely affecting 
vistial acnity. 

45 The posterior surface of the lens may have 
patterns cut or molded thacm but sudi pat- 
terns are not necessary. 

The pattern will be une of chaimeis, 
grooves, chamfers, striatioast, etc, hereafrer 

50 referred to cmhradvriy as "channels". The 
channels are cut or .molded into the posterior 
surface but not through to the anterior sur- 
face, essentially par^Iel to thr surface of the 
eye and extending iato the optical zone: It 

55 is contemplated that the largest dimens&m of 
titese ch^mels can extend into tiie optical 
zone and can be as long as or longer than 
the diameter of the optical zone. 

HFA 

EO 

PO 

120 XFE = 

VF 
VF. 



Hereafter, unless otherwise indicated by the 
context in which used, the word "polymer" 60 
such as in "fluorine-containing polymer*', is 
meant to inchide homopolymeis, copolyiners 
(inducting terpolymers), and combinations or 
blends of polymers derived soldy frtnn fluoro- 
monomers or from fluoromonomers together 65 
with nonfluorinated monomers. 

Preferred features of the invention will now 
be described, by way of example^ with 
reference to the accompanying drawingst, in 
which: 70 

Hgnre I is a vertical cross-sectional view 
of a portion of a human eye to wfaidi there 
has been ^yplied a corneal contact lens that 
ftnms (me embodixnoit of this inventton. 
Hgure 2 is a vertical cross-sectional view of 75 
a portion of a human eye to which a scleral 
contact lens has been applied. Figure 3 is 
the same view as Figure 2 showing chaimells 
on the posterior side of the lens. 

Figures 4 m 15 are posterior views of 80 
conma lenses of generally concavo-convex 
cross section tp which various pattems have 
been added. For example, the diannds in 
Figure 4 are arranged in a pinwhed pattern; 
in Figure 5, a spoked whed pattern; in Fignrc 85 
6, a square wafQe pattern; in Figure 7, a 
whed pattern; in Figure 8, a cross pattern. 
Figures 9 to 15 show other representative, 
patterns. 

In Figures 1 to 15, the lens , is icpieseDtai ^.90 
^--by numeral 1 and thc cbanTids by 
In the depiccion of the eye in Figures I, 2 
and 3, the cornea is 2, the sdera is 3, the 
limbus is 4, tiK pupil is 5> and the iris is 6. 
It should be noted that between the eye and 95 
the lens is a tear layer that is not shown ni 
the drawings;. 

Figures 16, 17 and 18 are posterior views 
of three typically designed bifocal lenses. The 
Figures show the leases whh patterns although 100 
as should be understood from the teaching, 
herein, patterns are not necessary but arc 
preferred. In these Figures;, immeral 10 
represents the pmion of the lens Used for 
seeing in the riisrancf, numeral 11 represents 105 
the portion used for sedng near and numeral 
12 repicscuts the demarcation between the 
two portions of the lens. Other variations of 
the bifocal lens are possible though not sped- 
fically depicted as other pattern arrangements 110 
are possible thou^ not deleted. 

Some oi the fluorine^ontaining polymers 
useful heron are listed in the table bdowi 
together with refracti v e indices^ Knoop hard- 
ness and Shore Durameter "A" hardness data. 115 
The polymer and tiieir abbreviations are: 

hcxafluoroaceiDne 
ethylene oxide 
propylene oxide 
tetraflnoroethjdene 
vinyl fluoride 
vinylidene fluoride 
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HFP = hexafiuoropiDpjiaie 

HBVE = 4-hydroxybut^ vmyi edicr 

PSEPVE = pCTfluoro[2(2-fluoiosulfooylediory)prDpyI 

vin^^ ether] 

PiMVE = perfiuoro (methyl vinyl ether) 

PjPVE = pcrfiuaro (propyl vinyl ether) 

TTP = 3,3,3-trifluon)propylene 

P = prc^jdene 
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31 3,3,3 - trifluoropropyleae/tertafliioro- 
cdiyluic (1: 1 molar copoJymert 

32 3,3,3 - tiiftuoroprc^iylen/Yiayl fluoride 
(36/64 %) 

5 33 tetrafluorocthylene/peifluora (mcdiyl 
vinyl ether) blended with polytetta- 
fluoroedijdene 

34 tetrafluoroethyieae/perfluotro (methyl 
vinyl ether) plastidzed with poly(hcxar: 

10 fluoropropyLeae aside) oil 

35 low refractive index fluoropolymcr 
blends with silicone rubbers 

36 low refractive indes fluoropolymer, 
such as polyperfluoiD - 2 - mediyieoe- 

15 4 - mctfaji - 1,3 - dioiolanc (PAID), 

of Knoop hardness of 2 or more plasti- 
cizcd to a hardness value of less liian 
2 with low refractive index fluorinfr- 
amtaining oils such as (a) poly-^jcr- 

20 fluon^pyicne oaade) (Krytox®) and 

(b) linear oligomers of hexafluom- 
ptopyksie 

37 bloods or other oMnbinations of any 
of the above polymers as numbered 

25 or as comfasncd in any other manner 

to produce a lens having the desired 
physical properdes dracribed herein, 
and 

38 blends of the pofymers described above 
30 with finely dxv<ided transparent inert^ 

water insoluble fillers. 
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Those dolled in the an^ .wife, the isid of , 
the. teaching of, .this 'iirventicm, will -be able to 
ptcparc the polymers used herein witiiout diffi- 
culty. As an addmonal aid in prcpazing the 
polymers from winch the novd soft contact 
lenses are fobricated, attention is directed to 
the following oo-assigned U.S. Patents 
wherein are taoght the prep ara tive details, 
etc, ooocemtng various of tiui polymers dis- 
closed herein. Hie paiticnlar polynurs are 
noted after the pacott number, by number 
designadons corresponding to those set ottc 
above: 

U.S. 3,316,216, polymers No. 1, 2, 3, 4, 
5 and 6; 



3342,277, polymers No. 7, 8, 9, 10 

and24; 
3,282^75, polymer Na 11; 
3,132,123, polymers No. 12, 13, 26 50 

and 30; 
3,235437, polymer No. 14; 
3,051,677, pdymer No. 15; 
2,968,649, polymer No. 16; 
3,282,905, polymer Nos. 18, 19, 29 55 

and 21; 
2^49,589, polymer No. 23; 
2,468,664, polymers Nos. 25 and 27; 
3,467,635, polymer No. 25; 
3,429,845, polymer No. 17; 60 
2,628,958, polymer No. 29; 
2484,530, polymer Nos^ 32 and 33; 

and 

3,454,503, polymer No. 34. 

Lens Permeability 65 
Permeability of the novel lenses to Os and 
COa has been found to be a valuable property. 
Good permeability in the novel lenses is a 
desirable health factor in that O2 can permeate 
through ttis. lens to nourish the eye and CX)« 70 
metabolic waste can permeate tiuou^ the 
lens and away from the eye; The lens perme- 
ability is an important asset even though pat- 
terns can be employed to aid tear flow. Oxy- 
gen and carbon dioxide permeabilities of 75 
about 500 Ccotibaircrs or more, at 1 P5IG, 
are considered very desirable: Permeabilities 
somewhat below about 500 Centibarrers laav, 
howCTfTj, slsij'prrr^. '"^'^rr^-. -'It—shg^^^j ' '■• 
course^ be understood in tins r^ard diat die 80 
furtiier the permeahilily ranges below about 
500 Centibarrers, the more impermeable tiie 
lenses and the less the ben^cial effect derived 
JTirtyikt Iftnff pfT ni^*'^*^* *y 

Tlie novel contact lenses are significanitty 85 
more permeable to oxygm and carbon di- 
oxide than vacioas art polymers rqxresenfied 
h^, for example, the wdl-biown contact lens 
polymer, poly(ruethyl methactyiate), PMMA. 
The fdlowing canq>arisons show the increa^ 90 
oxygen permeabiiides of some of the poly- 
mers used in the novel conracc Imses: 
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Os Permeability CemibatrBrs 



Polymer 



1 Psig 



Pressure 
15 Psig 



100 Psig 



PMMA 

TFE/P,MVE 

TFE/PtMVE 

plastidzed with 10% 
poJy^}czflxioropropyiciie 
oxide) oik 

HFA/EO/PO (2:1:1) 

Polyfiuoial 



13* 



1,190 
2,740 



1,202 
1,150 



1,462 
2,585 



* Permeability is nil at lower pressures. 

Bifocal Lenses 
The soft, tough plastic lenses of this iavea- 
tion can be ccmstiuctcd ia a variety of ways 

5 so as to prxmde for the xefiucdve and physical 
requirements of H'ff' ^'ft n t individuals. Among 
die several types of leases are the soft, tough 
single vision lenses having symmetrical 
spherical anterior and posterior curves. This 

10 type of lens meets the needs of th* siaicrity 
i>f fTOii*^ lens ptidents. Other .types -of- lenses • 
falling within the scope of this invemi<HL in- 
clude: (1) soft tough tone lenses having non- 
sphcrical anierior and/or posterior curves; 

15 and (2) softy tough bifocal lenses which aie 
deagned to provide near and far vision for 
individuals whose eyes have lost accomoda- 
tive power. 

Among the several types of bifocal lenses 
20 which may be constructed according to the 
teachings of this invention are (a) the peri- 
pheral near-segment bifocal lenses^, Hg. 16, 
m wiiich distant vision is ptryvided by the 
curves on the central segment and near viaon 
25 by the curves aa. the peripherol segment; (b) 
upper and lower segment bifocal lenses, Figs. 
17 and 18, in which distant visioii is pro- 
vided by the cnrves on the upper segment 
and near viaon by tiie curves on tiie lower seg- 
30 menn Other types of leases cansidend to be 
within the scope of this invenrion are {msm 
ballast lenses, truncated lenses and lenticular 
lenses. 

Construction of Lenses 
35 Two general mwhods in use for manu- 
facmre of contact lenses constructed of poly 
(methjd mediacrylatB) or other hard maioiai 
are va follows: (1) cutting loses from 
blanks on a radiusing lathe^ followed by 
40 poU^ung and edging with a grinding or cat- 
ting device, and (2) compression nuiiduig of 



the plastic with precistoo molds (tf glass or 
steeLi followed by edging by cutdng or grind- 
ing. 

The lenses of this invention, because of 45 
their soft^ tough nanirc, are preferably 
fashioned by campressiGn molding (2nd 
method), usmg ptedsiaa molds constructed 
of suitable materials such as ^ss, stainless 
sted,, carbon seed, carbides such as WC and 50 
»/TiC: brass. Ni- and Or-platcJ sict;! or brass.- -->-^- 
and the Hke. By employing suitably con- 
structed male and female mold forces, lenses 
can be molded whidi have anterior and po^ 
terior surfaces whh the desired curvatures 55 
and degree of smoothness (polish) and which 
also have adequatdiy tapoed and rounded 
edges, so that the molding operadon produces 
a finished lens, ready for year. Or if desired, 
the mold forces can be constructed so as to 60 
produce a so-called semi-finished hens, that 
is, one with proper anterior and posterior 
curves but which has not been aiged. The 
lens is subsequently edged to proivide a com- 
fbmblcfii, 65 

Wettability is an essential requirement for 
corneal lenses espeoially, in order for them 
to provide comfort and good visual acuity. 
Certain of the p(^ymers which may be useid 
in consmictixig the lenses oi this invenrion 70 
are inherendy wettable by tears. An example 
of this type is HFA/VFa copolymer. In the 
case of other polymers, wettability is achieved 
by altering the hydrophobic surface to a 
hydrophil^ surface by any of several methods 75 
that will readily ooair to those skilled in die 
art 

One generally applicable method invc^ves 
subjecting the lenses to the acrion of a g^ow 
discharge at a low pressure of, say 1 mm of 80 
Hg fw a Kmited time of, say, 15 seconds. 
The lens is then wettable when placed in 



1367,«46 



8 



water. In a variation of this method, a vinyl 
mcxiomer mnta fp t D g s hydxoplui^ grnupj c.^^ 
acrylic add is admiitTpd to tiie Iens> in efther 
liquid or v^kit fbnn, after its exposure to 

5 tile: disdiaige but before exposure to air. This 
results in fonnatxca of a wcttablc hydrophilic 
fihnoathelens. 

Another mcdiod for imparting wettability 
which is widely applicable to the polymers of 

10 this invention consists in etJching the surface 
of the lens with sodhun or other alkali metal 
as a stdution in anhydrous NHIb or as a com- 
plex with naphthalene in solution or in sus- 
pension in tecrahydrofuran or other inert 

15 e^aexs, followed by esqposme to water to 
destroy exoess alkali metkl In some instances 
the treatment leaves a brown discoloration on 
the surface which is xemoved, frequently with 
enhancement of wetting, by esposure of the 

20 lens to wann oammerdal hoiosehold bleach 
sohitioa for several mmutes. The medtod is 
particulaiiy ^p Ucable to one of the pre>- 

f erred polymets> TFE/P,MVE. 

Another preferred polymer, a TFE/ 

25 PSEPVE a^lsmer, can be rendered wet- 
table by converting hydrophotHC surface sul- 
foayl fluoride (— 50*F) groups to mane 
hydrophihc gtoiqt& For example* wettittaUty 
is imparted by brief i m me r sion of lenses of 

30 this polymer in hot etfaanolainine^ diethanol- 
amine^ or aqueous 5% sodium hydroside 
sohid(m, and forming the graiqjs 

35 ^SObNa, 
respectively, on Ae surface. 

The following Examples ace meant to 
iUustrate bat not to Umh: the inventicHL 

EXAMPLE 1. 

40 A quantity of TFE/P,MVE copolymer 
mol ratio 64:36 was placed in a conven- 
tionally prepared steel lens racdd previously 
heated to 200°C, allowed to stand for 2 
minutes, and a toial foice of 100 lbs then 

45 applied to the mold. The sample was main- 
tained at 200^ and 100 lbs pressure for 5 
minutes, and then quickly cooled to room 
temperature while the prssure was main- 
twlng d. 

50 The mold was then opened and the lens 
then removed. The lens was tran^>arent; 
colotiessi, soit, and flpjgfMi-^ yet ton^ and 
elastic^ with well-feathered, anoodi edges. 
The edge of the lens was good enou^ so 

55 that it oould be worn comtotably without 
further modifirHrinn It weighed 53,5 mg and 
bad a diameter of 12 mm and a central dnck- 
ness of 0.157 mm. 
The lens was made wectaHe with water by 

60 subi'ecting it to a corona discharge at reduced 
pressure. The wetted lens was then placed 
on the ri^ eye of a test subject who at the 
same time was wearmg a conventional PMMA 



corneal lens as a contrcd on hts left eye. The 
lens ce n tere d perf ecdy and the subject re- 65 
ported die TFE/P,MVE lens to be more 
comfcRtable than the meiiiacrylate lens and 
to be ocHxq>arable m comfort with focvioody 
worn hydro^l contact lenses. 

The subject experienced nrme of the 70 
"scratchiness**, even when blinkfaig, wtadh. he 
associated with PMMA corneal lenses. 

EXAMPLE 2. 
A quantity of TFE/P,MVE copolymer 
(mol ratio 64.36), in the form of a 4-layer 75 
sandwidi of pieces cut fnun 25-miI film, was 
placed in a oonventioDal steel lens mold 
heated to 200°C. After standmg for 1 minute 
to attain temperature, the polymer was molded 
at 200° C and 125 lbs total mold pressure 80 
for 1 minute, and. thai cooled to room tem- 
perature under pressure^ 12.9 mm; oecctral 
thidmessi, 0.358 mm. The lens required 
edging, fncindfns removal of some flash on 
the periphery. 85 

EXAMPLE 3. 
A block of HFA/PO copolymer (mol ratio 
1:1) in the steel lens mold of Esample 2, 
heated to 55^C, allawcd to stand for 2 
minutes;, and then molded for 1 mfmite at 90 
55°C and 150 lbs. total pressure. The lens _ 
was cooled to room temperature while mam- ~ 
taimng the pressure and then removed from J 
The mold. The lens was very soft* and^- 
brilliaistly cl«ar: wrpghts 40^ mg; c li i H ui piw -.i 
10,8 mm; central thicfcneK, 0.30-mm. 

:EXAMPLE 4. 
A piece of 19-niil fihn of BFA/EA/PO 
(mol ratio 4: 1:3) tetpolymer was molded at 
150^0 and 150 lbs tnal pressure for 1 100 
minute in the sted lens mold of Example 2, 
after allowing the polymer to temp^axur^ 
equilibrate m the ttuAd for 1 mimioe at 150°C 
Tbs lens was coolBd to togol temperature 
under pressaxc and removed from, the mc^ 105 
It weighed 39.0 mg and had a diamoer of 
10 J mm and a central <tiiickaess of 0.305 mm. 

EXAMPLE 5. 
A quantity of HFA/EO/PO (mol ratio 
2:1:1) terpolymer in the fosm of stadscd 110 
pieces nc* cut film was placed in the steel lens 
mold of ^cample Zand molded for 30 scooods 
at 135^^ and 150 lbs total pressnra The 
lens was than cooled to room temperature 
mider pressure and removed from the mold. 115 
TTie transparent, cdodcss lens weired 41.7 
mg and had a diameter of 10.5 mm, and a 
central diickness of OJ35 mm. 

EXAMPLE 6. 
A quantity of HFA/EA/PO (mol ratio 120 
4:3:1) terpolymer m -the fozm of stacked 
pieces of 10-mil fihn was placed in the pr^ 
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heated steel leas mold of £xaai|ri£ 2 and 
molded for 1 minntt* at 15Q°C and 100 lbs 
total pressore. The lens was then cooled xo 
room tenqterature under piessme and rattorrcd 
5 from the mold. The was colorless^ trans- 
parent and wdl-diaped but with rougjx edges; 
weaghii 40.5 mg; diamecer, 10.7 nuni central 
diic^essj 0.328 mm. 

EXAMPLE 7. 

10 A piece of 55-mil film of TFE/PfMVE/ 
VFa terpolymer (mod ratio 12:17:71) was 
placed in a prefa^ted lens mold of Exam^de 
2 and molded for 1 mimite at 220°C and 
75 lbs total pressure. The lens was cooled 

15 to room temperature imder pressore and 
removed from the mold. It was odorless, 
transparent, soft, rubbery, and tough with 
some peripheral fla^; weight, 101.9 mg; 
diameter, 13.2 mm; central diickness;, 0256 

M mm, 

EXAMPLE 8. 
A quantity of TFE/PSEPVE copolymer 
(mol ratio 8:3:1) in the fonn of stacked 
pieces of 9-mil film was placed in the steel 

25 lens moid of Example 2, preheated to 250°C 
After allowing 1 minute for tempeiamrc 
equilibradon, die material was molded for 30 
seccmds at 250^C and 100 lbs total pressure. 
The mold was cooled to room temperature 

30 under pressure- «>ad the lens removed. The 
1ms .was • i-»nspnrt^T. soft- tC^shi ''Tid rieyi(>Jr''j 

weight, 45.5 mg; diameter, 10.6 mm: central 
tfaicknos, 0.262 mm. 

EXAMPLE 9. 

35 A quantity of TFE/HFP/VFg terpolymer 
(mol ratio 21.7 : 17.3 : 61) comainmg 57 wt % 
of VFa was pxeheaced in the sted lens mold 
of Example 2 for 1 minute at 180°C and 
then subjected to die f cdlowing molding cyde : 

40 30 seconds at 180°C and 75 lbs pressure, 
ftdlowed by 30 seconds at 180°C. and 150 
lbs. The mold was cooled to room tempera- 
ture under pressure and the lens removed. 
The well-formed lens wetghed 49.9 mg and 

45 had a diameter 11.2 mm, and a central 
thidmcss of 0218 

EXAMPLE 10. 
A quantity at VF,/HFP copolymer (mci 
ratio 78 : 22) was placed in the steel lens mold 

50 of Example 2, end heated to 180<>C After 
standing for 1 mimite for temperature^equili- 
bradon, the sample was subjected to the fcl- 
lofwing mold cycle: 30 seconds at 180^C and 
75 lbs pressure followed by 30 seconds at 

55 180°C and 100 lbs presuie. The mold was 
cooled under pressure and the kns removed. 
The well-fomicd lens was tougfa and rubbery; 
weight, 120.4 mg; diameter, 13.7 mm; central 
thickness, 0.348 mm. 



EXAMPLE 11. 60 
A qumtity of VFj/HFP copolymer (mol 
ratio 78:22), copoiymerised in the presence 
of a small quantity of diethyl malonatt as 
rfiain transfer a gwi^j was placed in a prc^ 
heated sted lens moid of Example 2, allowed 65 
to equilibrate for 1 mimite at 120°C and 
subjected to the following molding conditions: 
30 seconds at 120*'C and 75 lbs pressure; 
30 seconds at 120°C and 100 lbs pressure. 
The mold was cooled to room temperature 70 
under pressure and the lens removed. The 
lens weighed 158 mg and had a diameter 
of 13.5 mm and a central thickness of 0.376 
mrn. 

EXAMPLE 12. 75 
A quantity of TFE/PfMVE copolymer (nwd 
rado 64: 3<^ in the form of stacked pieces 
of 25*4nil sheet was pLaxxd in a conventional 
lens mold prdieated to 280°C The polymer 
was allowed w stand for 3 minutes for tern:- 80 
perature equSibratioEi and the f^essure rhm 
raised to 75 lbs total pressure. Immediately 
thereafter, the lens was cooled rapidly xo room 
temperature with madntcnanoe of pressure. 
The well-f earned lens weighed 121.8 mg and 85 
had a diameter, induding flash, of 13.7 mm 
and a central thickness of 0366 ■ Mill- 

EXAMPLE 13. 

A quantity irf TFE/PiMVE (64/36 moi 
ratio) copolymer was^plkced in aiCcwiventiMual- 
lens mold previously heated to - 260°C, 
allowed to stand at 260° for 5 and a 
total force of 85 lbs then api^ied to the mold. 
The mold was then quiddy cocM to room 
temperature while the pressure was main- 95 
tained. The mxM was opened and the lens 
removed. The well-fbcmed lens had a central 
thickness c£ 0.34 mm and a total wdg^i^ 
including fiadi, of 132.8 mg The flash was 
cut 019 and the lens was edged. 

The lens was then made wettaUe widi 
water by the procedure described in l^ample 
1^ and the wetted lens placed on tibe right 
eye of a padenc. The patient's jmrneriiare 
reacdon was that the lens was very comfort- 105 
able and couldn't be felt exc^ for a slight 
awareness on the lower region of the scl^. 
The lens remained comfo!rtable during a wear- 
ing period of 1.5 hours. The patient did not 
experience flare or phonq^hobia outdoors with 
the lens and edema was absent at the end 
of the wearing period. The padem's visual 
acuity with the lens was 20/15, when wear- 
ing a 2D auxiliary lens to oompcnsafc for a 
sli^ overoorrecdon in the lens. This indi- 115 
cated excellent optics for the lens. 

EXAMPLE 14. 
A block of TRE/P,MVE (64/36 mol ratio) 
o^ymer was placed in a ccmvcntional lens 
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mold previously heated to 260°, allowed to 
stand for 5 min. at temperature and a tocnl 
force of 50 lbs ^>plied to the mold. The 
mc^d was then quiddy ocmled to room tem- 

5 perature while the pressure was mfttntairmri 
The mold was opened and the lens removed. 
The leas weired 126^ mg and had a central 
thickness of 0.67 mm. 
The sufcsquentiy edged lens weighed 98.5 

10 mg; the diamc oer of the optic zone was 12 
mm and the overall diameter was 12.6 mm 
The lens was made wettable as described in 
Example 1. When worn by a patient having 
20/400 uncorrected vision^ the leas was very 

15 comfcHTtable and provided visual acuitv of 
20/15. 

EXAMPLE 15. 
A hiodc of TFE/PrMVE (64/36 md ratio) 
copolymer was placed in a conventional lens 
20 mold previously heated to 260°C, allowed to 
stand for 5 min. at temperature and a total 
force of 50 lbs. then apphed to die mold. 
The mold was then quickly cooled at room 
temperature while the pressure was maon- 
25 tained. The mold was opened and the lens 
removed. The well-fozmed lens had a central 
thickness of 0.59 mm and weighed 114.0 mg. 

The subsequendy edged lens weighed 81.2 
mg; the optic zcme had a diameter of 7.2 mm 
30 and the overall diameter was 11.9 mm The 
lens was made wettable with water as de- 
, scribed in Example 1 and worn by a patient, 
[ The/visual acuity, of said palieni I'lissi^ 20/ 
4O0 linaaTected vision) was in^troved n> 
35 20/20 witfi novel lenses of this mventi<m. 

EXAMPLE 16. 
A block of TFE/P,MVE (64/36 mol ratio) 
copcdymer was placed in a conventional Ims 
mold previously heated to WQPC, allowed to 
40 stand for 5 miiL at temperature and a mtal 
force of 25 lbs. then zpp^cd to the mold. The 
moid was then quidcly cooled to room tem- 
ture while the pressure was maintained, 
mold was opei^ and the lens remored. 
45 The lens had a central thickness of 0.63 mm 
and weighed 89.2 mg including the flash. 

The subsequendy edged lens weighed 87.1 
mg; tiic optic zone had a diameter of 7.2 

mm 

and the overall dtftmrter was 11.9 mm. The 
50 lens was made wetmWe with water as de- 
scribed in Example 1. The lens provided a 
patient widi visual acuity of 20/25 while 
wearing an auxiliary ophthahnic lens of 
— 0.75D to corTBCt for a slight difference in 
55 die power or the lens and the refractive 
requirement of the patient 

EXAMPLE 17. 
A quantity of TFE/P^VE copolymer 
fdastidzedwitiilOwt%ofapoly(perfluart)u 
ou propylene omde) oil, in the fonn of a stacked 
sandwich of pieces cot from 16-mil fhn, 
was placed in a canveotional lens mold pre- 



heated to 240<'C. After standing for 5 min. 
at 240°C, a- total force of 100 Ib& was 
applied to the assembly, which was then 65 
cooled to room temperature whh maintenance 
of pressure. A wcU-focmcd lens wto obtained; 
weight 138.3 mg; central thickness 0.42 mm. 

TTie subsequendy edged lens weighed 137.7 
mg. The ovoall diameter was 13.5 mm and 70 
the diameter of the optic zone was 8 
The leas was made wmable as described in 
Example 1. The lens was placed on a patient. 
It provided visual acuity of 20/15 while the 
patient was also wearing a — l.OOD auxiliary 75 
opfathdmic lens to correct for a slight di&r- 
encfc between the- power of the kns and the 
re&active requirement of the patient. 

Th e pol y^>erfluoropropylene oztd£)-pLasti- 
dzed TFE/PfMVE copolymer was prepared 80 
as follows. A quantity of TEE/PfMVE 
(64/36 mol ratio) copolymer was dissolved in 
dichlorooctafluoorobutane and fy the solntion 
was added a quantity of poly(pcifhi«o- 
propylene oadd^ oil equal to 10% of the com- 85 
bined weight of polymer and plastidzer. The 
solution was filtered and the polymer re- 
covered by evaporation of the solvent. Hie 
plasticized polymer was transparent, 
less, tough and elastomcric^ and so mewha t 90 
softer to the touch than unplastidzed TFE/ 
PiMVE A 16-mil fihn was prepared by press- 
ing a quantity of the plasticized polymer 
between 2 sheets of polyimidc film at 260°C 

WKATWRrXATTvl IS:-^ . .. 95 

1. A wettable contact lens for the eye con- 
structed from at least one fluotrine containing 
polymer and having an optical zone designed 
to he over the surface of the eye in a position 

to correct a viaon defect^ wherein the kas 100 
OHisists of at least one fluonne oxttaining 
homoptdymer, copolymer, or ccunbination. or 
blend of a polymer derived soldy from fiuoro^ 
monomers or from fluoromonomcrs with oo^ 
fiuodnated numomers, and wherein the lens 105 
has a refractive index of 1.30 to 1.40, a Knoop 
hardness of less dian 2 at Icradmgs up to 25 
grams, and a Shore rhiromctcr "A" hanhiess 
of less than 100. 

2. A contact lens according to daim 1 110 
which is provided widi a patterned posterior 

lens surface oomprismg diannris substantially 
parallel to the siuf aoe of the eye and extend- 
ing into the optical zone but not through the 
anterior surface of the lem 115 

3. A contact lens accoitling to daim 1 or 
2 wherein the fluorine containing pdymer is 
tetraflnoroethylene / perfiuoro(m^fayl vinyl 
edier) aq)olymer. 

4. A omtact lens according to daim 1 or 120 
2 wherein the fluorine contaiiung polymer is 
tetrafluoroethyiene / perfiuoro(mahyl vin^ 
ether) copolymer plasticized with poly(hexa 
fluoropropylenc oxide) oiL 

5. A contact lens aocordmg to daim 1 or 125 
2 wherein the fluorine ronmiiTtng polymer is 
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hexaftuoroacetone/ethyleiuc axidc/propylene 
oxide copdymer. 

6. A contact lens according to claim 1 or 2 
wherein the fluorine contaimng polymer is 

5 poiyfluoiaL 

7. A contact kns according to daim 1 or 2 
wherein the fluoiane containing polymer is 
heraflnoroaoetDac/Tmylidcnc fluoride co- 
polymer. 

10 8. A contact lens according to dami 1 or 2 
^x^ierein tfie fluorine containing polymer is 
tctrafluoroctfaylenc/pcrfluon>[2(2 - fluoro- 



sulfonylBdiaiy)propyl vinyl ether] copolymer. 

9. A comact ]ais accoding to' claim 1 sab- 
stantiaUy as described herein in any one of 15 
the forv'going Esan^les 1 tx> 17. 

10. A contact Ims according to claim 1 
substantially as described herein with reference 
to any of Hgures 1 to 18 of the drawingsi 

For the Applicants, 
CARPMAELS & RANSFORD, 
Chartered Patent Agests, 
43 Bloomsbury Square, 
Lradon, WCIA 2RA. 
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